With the introduction of the Food Safety Initiative in 1997, food safety activities and research funding have increased dramatically. Advances in microbiological methods and epidemiologic research have provided significant progress in our understanding of foodborne diseases and in our implementation of control programs. This article highlights some of those food safety activities and epidemiologic research programs. This article also describes potential future research areas and activities.
INTRODUCTION I
N RESPONSE TO INCREASED CONCERNS about foodborne illnesses, President Clinton, in 1997, introduced the Food Safety Initiative (FSI) (White House, 1997a) . The initial goal of the FSI was to reduce the number of illnesses caused by microbial contamination of food and water. This initiative stimulated the formation of numerous task forces, committees, initiatives, and funding incentives over the following years, which resulted in major reports and recommendations on food safety in the United States such as "Food Safety from Farm to Table: A National Food Safety Initiative-A Report to the President" (Anon, 1997), a report of the National Academy's findings, "Ensuring Safe Food from Production to Consumption" (Institute of Medicine, 1998) , and the Guide to Minimize Microbial Food Safety Hazards for Fresh Fruits and Vegetables (Anonymous, 1998; White House, 1997b) . Other activities included the formation of many national and interagency task forces and working groups such as the Joint Institute for Food Safety Research, the Risk Assessment Consortium, and the National Food Safety System (White House, 1998) . Major initiatives included implementation of the 1996 Pathogen Reduction and Hazard Analysis and Critical Control Point (HACCP) rule, which was passed to help reduce microbial pathogens in processing plants and to clarify federal and industry roles (USDA, FSIS, 1996) . The culmination of these efforts was the signing of the National Strategic Food Safety Plan in January 2000 (www.foodsafety.gov/ϳfsg/ cstrpl-4.html#letter). The broad goal of this strategic plan was "the protection of public health by significantly reducing the prevalence of foodborne hazards through science-based and coordinated regulations, surveillance, inspection, enforcement, research and education programs." The plan also established an outcome measurement. The goal, by 2004, was a 25% decline in the incidence of the most common foodborne illnesses and a 50% reduction in residues of carcinogenic and neurotoxic pesticides on foods. In 2002, the Food Safety Council became the Presidential Food Safety and Security Council, in order to include the threat of bioterrorism. The Public Health Security and Bioterrorism Preparedness and Response Act of 2002 has changed the focus of some activities and initiatives (www.fda.gov/oc/bioterrorism/bioact.html).
CURRENT FUNDING AND PRIORITIES
Food safety funding remains steady, although newer priorities have emerged since the bioterrrorism act. In the Federal budgets, it is more difficult to determine what funding is for food biosecurity versus food safety, especially since many of the activities overlap. However, increases in funding have been used for increased surveillance, inspections, and enforcement activities. Other initiatives include the registration of food processing plants, and numerous rules and guidelines (Table 1) .
Food safety research remains essential, since many data gaps exist and foodborne disease is still a significant health care burden. In addition, research is needed to determine better interventions and better control and prevention strategies along the entire food safety continuum. Finally, there has been a resurgence of infectious diseases, some of which are food-related (e.g., bovine spongiform encephalopathy [BSE] ) or hypothesized to be food-related (e.g., severe acute respiratory syndrome [SARS] ).
Recently, there has been a new direction in food safety research funding, that is, funding large networks, centers, or consortia rather than single researchers or universities. This may be a natural progression from the large multi-institutional, multi-disciplinary epidemiology grants by USDA, but is more likely a result of the large amount of funding available for bioterrorism and the community's need to have broad, "national" coverage for possible bioterrorism events. Several agencies have initiated these: the Department of Agriculture (USDA), the National Institute of Health (NIH), and the Department of Homeland Security (DHS). These agencies have funded a center or network based around a specific theme, such as post-harvest food safety or foodborne diseases and zoonoses. For example, as part of the Department of Homeland Defense, DHS awarded a total of $33 million for two national centers. One was a Homeland Security National Center for Foreign Animal and Zoonotic Disease Defense ($18 million) to Texas A&M University and its partners for the next 3 years. This national center includes partnerships with numerous universities and will work closely with academia, industry, and government to address potential threats to animal agriculture, including foot and mouth disease, Rift Valley fever, avian influenza, and brucellosis. Another $15 million was awarded to the Homeland Security Center for Food Protection and Defense at the University of Minnesota and its partners for the next 3 years. This will address agrosecurity issues related to post-harvest food protection. The goals are to foster research through multidisciplinary collaboration, maximize the use of existing research resources, bridge research findings with real world applications, respond to emerging challenges and opportunities, and provide a recognized research resource for food-related disease outbreaks in these four areas: microbiological ecology; pre-harvest pathogens and public health; data integration, epidemiologic modeling, and risk analysis; and intervention strategies. The success of funding large networks or centers has yet to be determined since it is early in the process, but it is important to establish some type of outcome or impact measurement so that success can be evaluated. One continual barrier is the management of these large networks and their costs. Subcontracts among participating universities decrease significantly the amount of available funding for research. The solution will require innovations by academia and government.
One possibility is that two or more networks collaborate on a larger project and provide a truly "national" response. For example, the World Health Organization's Influenza Surveillance Network contains 112 National Infection Centers and four Collaborative Centers for references and research. There is the potential for collaborations between the DHS post-harvest network and the USDA pre-harvest network to provide research or solutions that will cover the entire food safety continuum: pre-harvest through post-harvest. In addition, there is the potential for international collaborations to provide a "global" network.
EPIDEMIOLOGY
With the increase in food safety initiatives and research funding over the last few years, the scientific discipline of epidemiology has also enjoyed a resurgence. This increase has not only been because of food safety but also because of the increase in infectious diseases. When most people think of epidemiology and food safety, the most natural model is that of foodborne outbreak investigations. That is, when there is a possible foodborne outbreak, epidemiologists interview those sick and not sick and collect information. Ultimately, the data ends up in a "classical" 2 ϫ 2 table that produces an "odds" ratio and gives epidemiologists an idea about which food caused the outbreak. Yet, epidemiology has taken a much bigger and expanded role. Epidemiology, as a study of the "distribution and determinants of health-related states or events in specified populations, and the application of this study to control health problems," provides the scientific approach to study foodborne disease in populations (Last, 1988) . This approach provides the ability to identify possible sources of illness, understand the transmission of organisms among populations and the environment, identify and evaluate risk factors, and provide "potential clues" for interventions or prevention.
Surveillance continues to be a significant activity in food safety as well as other public health concerns. An understanding of epidemiologic principles is essential for a successful surveillance system that will enable proper conclusions. Too many surveillance or monitoring systems have been developed, data collected, and improper conclusions made about the data. Surveillance, as opposed to just monitoring, is more active in the analysis and interpretation of, and actions on the results of the data collected. It is a systematic approach of collecting, analyzing, and interpreting data with the goal of initiating control measures or further investigative methods (Thacker and Berkman, 1988) . Surveillance systems are useful for collecting baseline prevalence data and identifying trends. To obtain background information about the prevalence of foodborne disease in the United States, the Centers for Disease Control and Prevention (CDC) developed FoodNet and then PulseNet. Although CDC had started FoodNet (Foodborne Diseases Active Surveillance Network) in 1996, its EPIDEMIOLOGY AND FOOD SAFETYgrowth has continued after the influx of interest and funding from FSI (www.cdc.gov/foodnet). FoodNet is a collaborative effort among Federal Agencies (FSIS, FDA, and CDC), the State Health Departments, and local health department investigators to collect data that allows better tracking of the incidence of foodborne illness. Another CDC initiative is PulseNet (National Molecular Subtyping Network for Foodborne Disease Surveillance), which was established in 1998 as a national computer network of public health laboratories to help rapidly identify and stop episodes of foodborne illness (White House, 1998) . In PulseNet, bacterial subtypes are determined at state and local laboratories and transmitted digitally to a central computer at CDC. The computer then matches a newly submitted pathogen fingerprint (pulse field gels) to those in the databank and confirms whether or not disparate outbreaks are connected to a common source. PulseNet allows epidemiologists in different parts of the country to respond and identify sources more quickly (www.cdc.gov/ pulsenet). NARMS is another surveillance system directed specifically toward antimicrobial resistance. This an integrated effort between USDA and DHHS to collect both human and animal antimicrobial resistance data (www. fda.gov/cvm/index/narms/narms_pg.html).
Surveillance can be initiated to test a specific hypothesis, to collect baseline data on a specific disease, to survey a general or specific population, to survey disease indicators such as the animal population, reservoirs, or vectors, or to survey drug and biologic utilization of the population (Torrence, 1997) . Sources of data are important during the surveillance process, as well as to address the particular objective for the system. Conclusions about surveillance data are only as good as the sources of data. Surveillance data have helped provide baseline data and hypotheses for more analytical epidemiologic studies. For example, seasonal, temporal, or geographic patterns are important in understanding the mode of transmission and for determining the timing of potential control programs.
Another major initiative in epidemiology is the availability of funding specifically for epidemiologic research in food safety. With the initial increase in food safety research funding in the late 1990s, a new granting program was established in 1999 by the Cooperative State Research Education and Extension Service, USDA. CSREES is the primary extramural research agency and provides multiple grant opportunities in a variety of areas.
The National Research Initiative is the major funding division in CSREES with over $120 million in research funding (Torrence, 2003) . In 1999, Epidemiologic Approaches for Food Safety became a new program within the NRI and provided epidemiologists with an opportunity to obtain research funding. Since 1999, this program has provided over $26.5 million in funding for epidemiologic research (Table 2) . Not only was the area of research focus unique, but for the first time, USDA also provided larger grants (up to $1.5 million) than in recent years for other programs. These large grants provided enhanced visibility for researchers within their universities (similar to large NIH grants) and provided the opportunity for enhanced laboratory resources and larger graduate programs. The success of the research and the enhanced graduate programs can be seen by the increased presentations and posters of research at annual meetings such as the Conference for Research Workers in Animal Disease, the American Veterinary Medical Association, and the American Society for Microbiology, as well as in this issue of Foodborne Pathogens and Disease.
The funded research covers the spectrum of the foodborne pathogens and food animal commodities in food safety, such as Escherichia coli in feedlot cattle, Salmonella spp. in swine, poultry, and cattle, and Campylobacter spp. in cattle and poultry, as well as viral and microbial contamination in seafood and produce. There are also two studies on pediatric diarrheal disease. Epidemiologic research combined with microbiological methods is a natural fit for successful food safety research and has provided the expertise to evaluate animal and human interactions in a complex environment. Because of the complexity of food safety production, multi-factorial approaches are needed for prevention and control.
Epidemiologic studies can still be divided loosely into types: descriptive and analytical.
Each type determines what data are collected and what conclusions are made as well as the cost, feasibility, and limitations of the research. For example, descriptive epidemiology, which is often a cross-sectional study or survey, collects important descriptive data such as prevalence, and seasonal or temporal trends. These are quick and easy to do, and can provide a "snapshot" of both the exposure and the disease at the same time. Longitudinal studies, which are often cross-sectional studies over time (or prevalence studies), can demonstrate the frequency and distribution of a disease over time. This initial information is useful for understanding the epidemiology of organisms and targeting critical points for interventions. For example, seasonal trends for E. coli in feedlot cattle demonstrate an increase in prevalence in the summer months. Therefore, interventions should be targeted to the time just before the high prevalence months. Analytical studies (such as case control or cohort) are often designed to test hypotheses, determine risk factors, determine the association between risk factors and disease, and evaluate interventions. They are more difficult, take longer, and therefore, are more expensive to accomplish, but will provide better data on associations. Case-control studies are easier because they select cases according to a disease and go back in time to look at the exposure. These studies can estimate risk but cannot measure incidence. They are useful for chronic, latent diseases, for rare events, and for multiple exposures. This design would be a good choice to explore the possible link of Campylobacter infections in people and chronic arthritis. Prospective or cohort studies, considered the ideal, are the most difficult. These studies identify individuals/animals that are exposed and then follow them forward in time to see if they get the disease; thus, they are expensive and long. It is the only study that can give a true incidence rate, but it requires a large sample size. Since 1999, a range of projects have been funded. Approximately $10 million has been awarded to studies considered cross-sectional, around $2 million to risk assessments, around $3 million to case-controls, and around $10 million to longitudinal studies. These longitudinal studies are more often sampling over time (cross-sectionals over time) rather than true prospective, cohort studies. Since 1999, much knowledge has been gained. Successes include a new monitoring tool for determining E. coli prevalence in cattle feedlots, the important role of lairage in Salmonella levels in swine, the role of poultry litter in both the prevalence of microbial organisms and the dissemination of antimicrobial resistance genes, and the potential role of commensals in the dissemination and persistence of antimicrobial resistance genes.
Epidemiologic research has "evolved" as research results are published and study designs refined. The evolution of molecular methods for more sensitive and specific detection of foodborne pathogens (as well as other infectious agents) has also provided the opportunity for epidemiologic research to improve. For example, enhanced molecular methods such as deoxyribonucleic acid (DNA) fingerprinting, pulse field gel electrophoresis, and polymerase chain reaction (PCR) have enabled researchers to determine intraspecific genomic diversity, to study genotypes as well as phenotypes of foodborne organisms, and to evaluate clonal dissemination of genes. These added data have enabled epidemiologists to better determine sources of outbreaks, to design studies to follow the flow of pathogens and genes among populations and the environment, and to understand the development and persistence of antimicrobial resistance. Geographical information systems (GIS) data have also become more popular. This technology has allowed epidemiologists to combine spatial and temporal data to follow the flow of pathogens and to provide a better understanding of the role of the environment and ecology in foodborne disease.
FUTURE DIRECTIONS FOR FOOD SAFETY AND EPIDEMIOLOGY
It is important for food safety and epidemiologic research to continue to evolve. Although some of the ultimate answers to food safety and foodborne illnesses seem unattainable, there are potential next steps both in how and what research should be done.
Now that large networks and centers have been organized and are in the process of developing research plans, it is essential to leverage their existing human and laboratory resources. For example, a network that includes numerous investigators who are conducting large population-based studies has the access and the potential for a large collective database of samples. These samples are a valuable resource for future research questions that emerge and may provide baseline data (and demographic data) that are unattainable through surveillance systems. This may be a cost-efficient way for a focused surveillance system. The ability to share samples and GIS data, share laboratory equipment, standardize laboratory protocols, and cross-train graduate students is attainable. This will enhance food safety and epidemiologic research and benefit industry, academia, and government. The existence of these networks also provides excellent resources for other Federal agencies that have particular research needs and have difficulty filling data gaps, for example, the need for particular data for an on-going risk assessment or specific research during a foodborne outbreak. The establishment of these networks also provides a model to expand the "network" by collaborating with other centers on a specific project. To think globally, there is the potential to consider collaborations between a European Union network on surveillance and the preharvest network. This will provide a global response team to an emerging foodborne disease or a specific outbreak. The potential for these networks is limited only by our imagination and our effort. However, it is important that we develop a way to measure the outcome of the research as well as the impact of the networks on food safety. Although prevalence studies continue to be important in determining what is going on in populations, more research is needed in identifying or evaluating interventions, as well as possible prevention and control strategies. Because of the complexity of the food production process, there is no one single prevention or intervention that will eliminate foodborne risk. However, research is needed to continue to identify risk factors, potential control points, and hypothesized interventions or prevention/control strategies. Research can also be designed to look at individual interventions and then interventions in combination, perhaps in parallel or series combinations. Answering the question of whether they work is different than the question of whether they will be implemented because of cost.
Another research direction that is essential is outcome measurement. The Institute of Medicine released a report in 2003, entitled "Scientific Criteria to Ensure Safe Food" (Institute of Medicine, 2003) . This report addresses the development of microbiological standards and performance standards, food safety objectives, and public health objectives for food safety. Researchers in the post-harvest area are struggling with some of these issues, particularly as regulatory agencies have provided standards. Yet, this also provides a needed framework for discussion at the preharvest level. For example, can we determine a microbiological standard at the pre-harvest level? What is the most relevant measurement, and does it differ between organisms? Is the most important measurement prevalence, number of organisms, or pathogen load? More importantly, how can we link a microbiological standard to a food safety objective or a public health objective given that the food production chain contains many phases and multiple factors? Can we ultimately link preharvest interventions or prevention and control programs to a public health objective? This may be an unattainable goal, but it is important that some thought be given to even a simple measurement of outcome, not only for food safety but also for on-going research. For example, what measures the success of our research? Obviously, patent development is one. Other suggestions are numbers of publications, presentations at large scientific meetings, and the ability to leverage funding from other sources. This idea of measurement is important for researchers who must account to universities and for performance evaluation for Federal agencies. Developing measurements for research outcomes and for the impact of activities has the potential to influence future funding, and even policy-and decisionmaking.
CONCLUSION
Food safety and epidemiologic activities and research have enjoyed expansion and become more sophisticated over the last 5 years due to increased funding. Although bioterrorism initiatives have become more prominent, both food safety and epidemiologic research remain relevant and essential to these new efforts. Major progress in microbiologial methods, epidemiologic tools, and funding approaches has provided the opportunity to expand and enhance our current knowledge. The establishment of focused networks and centers also provides us with the opportunity to leverage limited human and laboratory resources and, at the same time, increase our potential for new areas of research. Current progress in research and Federal activities has provided a flexible framework that can adapt and respond to future challenges. It is incumbent for us to create and establish outcome measurements and, ultimately, to determine the impact of research, education, and extension programs.
